Abstract. Traffic incidents and accidents contribute to decreasing levels of transport system reliability and safety. Traffic management and emergency systems on the road, using, among others, automatic detection, video surveillance, communication technologies and institutional solutions improve the organization of the work of various departments involved in traffic and safety management. Automation of incident management helps to reduce the time of a rescue operation as well as of the normalization of the flow of traffic after completion of a rescue operation, which also affects the reduction of the risk of secondary accidents and contributes to reducing their severity. The paper presents the possibility of including city traffic departments in the process of incident management. The results of research on the automatic incident detection in cities are also presented.
Introduction
Transport systems are a key element in meeting basic social needs related to population mobility and supplies. They facilitate the development of economic activity and contribute to upgrading the quality of life. Society expects a high level of reliability of transport while traveling to work, schools and for recreation. Today, however, it is already known that certain changes in transport management are necessary to tackle such urgent problems as traffic congestion, environmental pollution, traffic safety or social risks, at the same time ensuring sufficient mobility in the future. The development of Intelligent Transportation Systems (ITS) as supplementary to long-term measures in transport policy offer hope for at least a partial solution to the problems encountered, including in particular the problem of transport safety. Consequently, many cities in developed countries introduce intelligent systems of transportation management. The intensified implementation of ITS services has also been observed in Polish towns and on rural roads for several years now. Traffic services are not the sole beneficiaries of such ITS services. New software and hardware solutions are also applied by institutions participating in rescue operations (medical services, fire brigades) and preventive actions (e.g. those related to speed control). Systems used by road authorities as well as emergency and preventive services provide detailed data on traffic incidents and other big data which can be used at planning and operational levels of security management. These data are also a potential resource that could be the basis for research aimed at improving and developing new methods and means to upgrade traffic safety. Changes taking place through technological development, that manifest themselves in an ever wider use of automation in transportation processes, justify the revision of the current approach to traffic safety management in order to strengthen the integration of services and to develop procedures for their cooperation.
2 Traffic safety management system 2.1 System components According to the definition the "transportation system" is a system of technical, organizational and human resources, combined with one another in such a way that it can efficiently carry out the traffic of people and goods in space and time [1] . In the system of traffic safety management, which is inextricably linked to the transportation system, we can identify many interrelated and mutually interacting elements: -structures of organization of traffic safety management services, as well as legal bases and procedures that determine the organization, competences and collaboration of such services, -tools influencing the improvement of traffic safety management at the strategic level (e.g. The diagnosis of the existing system of safety management carried out in the framework of the National Road Safety Program has shown that each of these functions needs to be improved in terms of implementation of measures included in the Program. These functions are performed in different proportions depending on the particular institution and the level of public administration. They highlighted the need to improve organizational structures of traffic safety and coordination with the National Road Safety Council as a leading institution, as well as with Regional Road Safety Councils as the real leaders of the region -with the support of research institutions. Regional Road Safety Councils should perform management functions, among others, in terms of horizontal coordination -between regional structures of the Police, Road Transport Inspectorate, State Fire Service, the General Directorate for National Roads and Motorways, regional roads authorities, county roads authorities, the school superintendent, local NGOs and local communities, as well as through vertical coordination -with the National Road Safety Council and county road safety councils [2] . The representation of such a broad body in the works of road safety councils provides an opportunity to develop conclusions regarding necessary legislative changes and investigating the needs of cooperation in the management of traffic safety at the level of use of technology and databases as well as their integration, which may result in modification and development of new procedures for cooperation between the services. An example of new work on the introduction of a uniform system of monitoring and communication is the Polish Road Safety Observatory, functioning at the Motor Transport Institute, and emerging regional observatories. Equally important is also gathering data on traffic parameters that -when compared with data on traffic incidents -can be helpful in developing methods for improving traffic safety. Such data can be collected, for instance, in ITS Regional Laboratories. The structures of these databases and their linkages should be developed. It is also important to ensure universal access to data. The activities of local governments working on solutions in the field of "Smart City" can be helpful in this respect. The result of these activities should be the introduction of traffic safety and knowledge transfer.
Operational traffic safety management
The system of transport suffers disruptions every day. Transport systems become less reliable (which in particular affects the reliability of travel time within a transport network) [3] when undesired incidents take place. These include dangerous incidents (accidents and collisions) and incidents (such as a vehicle becoming stationary due to a breakdown or driver indisposition, objects on the road, failure of parts of road infrastructure) [4] . This suggests that a systemic solution is required to help restore normal traffic conditions faster after the accident scene is cleared and minimize travelers' time lost. The objective is also to reduce the risk of secondary events (by keeping motorists informed about the incident and controlling speed via Variable Message Signs) and accident severity (by reducing the time for emergency services to get to the scene and attend to the casualties). With the deployment of ITS services in Poland the work of the services can now be intensified and integrated as part of operational road safety management. The architecture of the Tri-City's Integrated Traffic Management System TRISTAR provides for the delivery of an operational road safety management system as depicted in Fig. 1 .
Traffic Incident Management (TIM) is a systematic, planned and coordinated use of resources to reduce the impact of incidents, and improve the safety of motorists, crash victims and incident responders and to restore normal traffic conditions after the occurrence of an incident is detected on the road. Using its detection capability, the Monitoring and Traffic Surveillance System supports the collection of data about traffic parameters, weather conditions, travel times on specific street sections. Once processed they can be used by Traffic Safety Management System modules. The Automatic Supervision of Drivers Behavior Module is designed to detect road traffic offences such as exceeding momentary speed and average speed on a road section and driving over the STOP line on a junction or pedestrian crossing on a red light for the particular direction. At present, the modules collect offence statistics, a useful source of information for road authorities when they take steps to improve traffic layout and for the police when they take preventive action. The data can be used to send complete sets of offence information to a central traffic enforcement body. Before drivers can be punished for offences they have committed, the law and organizational arrangements must be revised and verified. The next task of the module is to pass on travel time information for use in the Traveler Information System (drivers can access the information via VMS and website) [5] . Fi devices (mobile phones, smartphones, tablets, computers and in-vehicle devices to  support hands-free systems -e.g. in-car speaker phones) . The data collected by each pair of scanners (located at the beginning and end of the road section) are used to calculate travel times on defined distances between scanners. An algorithm based on Kalman filter is used to verify the data transmitted from the network of scanners [6] . The incident detection algorithm checks the changes in travel time between measuring points every minute and when a sudden and unjustified change in travel time occurs, a notification is sent to the system operator with proposed information to be displayed on VMS [7] , [8] . This is how the Incident Management Module goes into operation. It can start a traffic management strategy if there is an incident. It uses the Traveler Information System (warnings displayed on VMS about an incident, detours, road closure, speed management) and the Traffic Control System (change in signalization programs in response to a change in traffic distribution on the street network).
Effects of using ITS services for operational road safety management
When there is a road accident, the victim may suffer serious injury leading to their death or disability, unless help is provided without delay. A fast response by emergency services may substantially increase the chance of survival and reduce long-term consequences of the trauma. According to the principle of the "golden hour" the lives of 20-40% of seriously injured casualties can be saved, if they receive hospital treatment within 60 minutes from the event. They are the more likely to live, the sooner they receive first aid at the scene (within "ten golden minutes") before they are taken to hospital. European research estimates that transport telematics can reduce the response time and intervention of emergency services by as much as 30% [9] . When an incident is detected and verified, a strategy is activated which should ensure that a rescue team is quickly put together and the necessary equipment is made available. The response to an incident includes dispatching services to the scene. The steps should also include informing motorists once it is certain that the accident happened. Fast response to incidents means that the appropriate services must take action immediately. To speed up the process of detecting dangerous incidents, automatic incident methods can be used. If detected early, the incident will have a shorter duration and getting help to the casualties will take less time. As a result, accident severity will be reduced and the time of exposure to risk of secondary incidents will be minimized. Travelers' time lost will also be minimized [10] , [11] . Other benefits include a reduction in serial and secondary incidents (up to 29%), drivers' working time, fuel consumption and emissions [12] , [13] . The majority of the city algorithms were developed to detect incidents on sections of the arterial road between junctions and some of them support detection on junctions. Under the CIVITAS DYN@MO project algorithms were developed using time series and artificial neural networks that can detect an incident on signalized junctions [8] , [14] . Fig. 2 shows an example of an incident detection using the algorithms -the FiltrLP model. The model signalizes differences in current trend, speed measured at a control point PK_0 (traffic measurement station) and the "normal" trend, i.e. the trend on a day that is similar to the day in question on which there were no incidents. 
Conclusions
With new ITS services deployed in Polish cities and on national roads in recent years, it is possible to improve the traffic safety system at the strategic (planning) and operational level. There is an increasing number of databases that store big data from integrated transport management systems. These should be integrated and made available as Open Data to improve ITS services and applications to stimulate the emergence of new ones. If the data from the databases can be analyzed, new methods and tools for analyzing road safety can be created. The system of safety monitoring in real time and over extended periods can improve as a result. With data stored in a single system, they can be integrated and used in applications for exchanging data between stakeholders. Once processed, the data can be presented on an information platform (it would be useful to integrate IT systems and databases of the relevant services to ensure data security and controlled access to sensitive data). An important step towards improving the flow of information and notifying the services is the National Access Point deployed by the General Directorate for National Roads and Motorways. ITS resources can also be used to support cooperation between emergency and preventive services with traffic control. This, however, will require new procedural and equipment standards (to ensure equipment compatibility and communications) at the national level including the local specificity and stakeholders involved in incident management and inclusion in the system of Traffic Management Centers. The first procedures of cooperation between emergency services and road authorities were developed as part of Rescue Plans for motorways and express roads. There is opportunity to disseminate these procedures as the National Traffic Management System (KSZR) is developing. The procedures should also be implemented in cities that already have integrated ITS solutions. One of the main steps towards a successful improvement of the road safety management system is developing clear legal bases and verifying the existing ones. 
